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�
Abstract


Cyclic multivariate data increasingly dominates a variety of disciplines, including astronomy/astrophysics, medicine, time-series analysis, global change studies, and production management.  This data is characterized by some cyclic, or periodic, component in one or more of its dimensions.  The ability to visualize the data in such a way that its cyclic nature were enhanced and accessible would be highly desirable, as it would empower the viewer to better understand and interact with the data set.  Previous techniques either fail to enhance the cyclic structure of the data, or do not scale for use with multivariate data.


We describe a new interactive visualization technique for cyclic data which accommodates data of many dimensions.  This technique employs conventional star glyphs positioned on a spiral such that successive cycles radiate from the center.  Intra-cycle as well as inter-cycle relationships are preserved.  Furthermore, we describe an interface by which the data set may be panned and zoomed.
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1	INTRODUCTION


Cyclic behavior is everywhere.  Consider the pounding of ocean waves on a beach, or a pounding heartbeat; the Earth rotating on its axis once each day, or revolving around the sun once each year; the fluctuations of the economy, or fluctuations in the ozone layer; techno music, or the hum of alternating current.  Whether due to nature, or imposed artificially by humans, cyclic behavior is commonplace.


As these behaviors are often interesting to study and analyze, cyclic data becomes as popular as the behavior it represents.  Often the data is compiled into a time series in which the data is cyclic with respect to time.  However, the data may be cyclic with respect to space (e.g., waves are cyclic with respect to both space and time) or any other variable.


Ever more frequently, interesting data is multivariate, that is, varying in multiple dimensions.  Cyclic data is no exception.  Consider each of the examples in the first paragraph above.  Multiple variables may be associated with each cycle.  We may be interested not only in an ocean wave’s position with respect to time, but also its amplitude, velocity, temperature, and salinity, some of which may also be cyclic.
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In this paper we’ll discuss the unsuitability of previous techniques for visualizing cyclic multivariate data, and then present a new technique.  We’ll describe the goals of the technique as well as an interface for interacting with it.  Finally, we’ll detail the work in progress.


2	PREVIOUS TECHNIQUES


Previously, data sets of this cyclic multivariate type, or cyclic univariate for that matter, were visualized without specific regard to their cyclic structure.  Viewers had the choice between a few different visualization techniques, each of which failed to adequately represent data which was both cyclic and multivariate.  Each technique either relied excessively on the viewer to find cyclic relationships within the data, or was not sufficiently robust to use for data of many dimensions.


2.1	Linear Techniques


Viewers of cyclic data have long settled for visualizations that depend on the human vision system to detect cyclic patterns.  Such a visualization might have time on one axis.  (See Figure ###.)  Nelson Max, et al., describe a four-dimensional visualization with this property [##].  The viewer must scan the visualization to decide if the data looks cyclic, and then scan the adjacent cycles to determine what change occurred on a cycle-by-cycle basis.  While the human vision system is generally well-suited to this task, it works locally, not globally.  If the data set is large, this system breaks down, as we can only distinguish change over proximal cycles, rather than all cycles.  Multivariate data only adds insult to this injury.


By the same principle, animations such as those described by Rhyne, et al., which display one time unit’s worth of data per frame, have the same deficiency [##].  Our vision system can detect periodicity in the animation if it exists, but we have no way of comparing data of one cycle with those of previous or subsequent cycles.  This is even worse than the static visualization, as one cannot even accurately compare data from one cycle to the next, as it disappears with each passing frame.


2.2	Circular Techniques


Circular histograms, as described by Fisher, are useful for visualizing distributions of data that have some circular component [##].  (See Figure ###.)  Frequently this technique is used to visually categorize data whose range is circular, such as angle, time of day, or month of year.  While circular histograms effectively summarize the intra-cycle relationships of the data, the cycle number is not considered, so inter-cycle relationships are discarded.  Also, this method does not scale well to many dimensions.


2.3 Cyclic Techniques


Jacques Bertin provides three side-by-side visualizations of cyclic univariate data [##].  The first is the traditional linear method.  This method provides intra-cycle coherence, but lacks inter-cycle coherence.  The second is a stack of cycles.  This method provides inter-cycle coherence, but lacks intra-cycle coherence.  The third makes use of a spiral to provide both inter-cycle and intra-cycle coherence.  (See Figure ###.)


The inspiration for the new technique described below is a spiral visualization, similar to Bertin’s, attributed to Antonio Gabaglio.  (See Figure ###.)  Low-dimensional multivariate data is displayed on a series of concentric circles, with time spiraling out from the center, the period being one year.  Months of the year are aligned radially, so comparison can be made from month to month within the same year, or from year to year for the same month.  While the visualization lacks a scale reference for the data glyphs, and these glyphs are of low-dimensionality, it has solved the problems of preserving intra-cycle and inter-cycle relationships of multivariate data.


3	THE STAR GLYPH SPIRAL


We have developed a technique, the “star glyph spiral,” for enhancing the cyclic nature of a multivariate data set.  Each datum is represented by a conventional star glyph [##], with each dimension corresponding to one point on the star.  The star glyphs are positioned on a spiral, which acts as the axis of the dependent variable, extending outward from the center of the spiral.  The spiral is segmented such that consecutive cycles are aligned radially.  (See Figure ###.)


This method preserves two important relationships desired when viewing cyclic data: the “intra-cycle” relationships and the “inter-cycle” relationships.  The former refers to relationships with respect to the dependent variable.  By preserving the continuity of the dependent variable’s axis (the spiral), we preserve intra-cycle relationships.  The latter refers to relationships with respect to the cycle number.  By segmenting the spiral such that data occurring at the same location within two adjacent cycles line up radially, we preserve inter-cycle relationships.  (See Figure ###.)


Using a spiral of Archimedes, we can ensure that the star glyphs positioned near the outside of the spiral are not size-biased when compared to those near the center of the spiral.  All star glyphs are scaled equally, so the viewer can safely make visual comparisons.


4	VISUALIZATION INTERFACE


To make this visualization technique practical, an interface has been designed to provide the star glyph spiral with a means for browsing a data set.  (See Figure ###.)


The viewer must be able to focus on the portions of the data in which she is interested.  To this end, the interface has two primary controls.  First, the viewer may specify how many cycles to display at once, in effect determining the number of “rings” on the spiral.  This allows the viewer to “zoom in” on a select few cycles, or to “zoom out” to view a dense spiral containing the entire data set.  Second, the viewer may specify the value on the dependent axis which corresponds to the center of the spiral.  This allows the viewer to “pan” the data set, watching as the data points spiral around to their new positions.


Other controls allow the viewer to toggle the direction of the dependent variable’s axis (outward or inward), to change the scale used for all star glyphs, to display labels, or to change the cycle size.  All controls may be modified interactively with the results displayed in real-time.


5	WORK IN PROGRESS


Evaluation of this technique needs to be performed to determine its effectiveness and how to extend or improve its interface.


The star glyph spiral will be included with XmdvTool [##, ##], a software package that offers multiple techniques for visualizing multivariate data.
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